Lung cancer is the most general tumour with highest morbidity and mortality, 1 and 5-year survival rate of the lung cancer patients is less than 15%. 2 Although the traditional surgical resection, radiotherapy and chemotherapy could cure some patients, lung cancer was difficult to be cured due to its high invasive nature, rapid growth rate and the incomplete resection. [3] [4] [5] Recently, drug-loaded magnetic nanoparticles (MNPs), as the T 2 -enhanced agent of magnetic resonance imaging (MRI), were used for the tumour therapy, 6 because
Polyethylene glycol (PEG), a hydrophilic macromolecule chain, could increase the circulation time of NMPs in blood through decreasing the protein adsorption from the blood. 11 Moreover, Dex-coated NCs were linked with the functionalized PEG, thus increasing the NCs ability to conjugate other functional molecules. [12] [13] [14] Matrix metallo-proteinases-2 (MMP-2) was a kind of highly conserved enzyme, and several cancer cells could significantly highexpressed MMP-2, such as melanoma, 15 glioma, 16 lung cancer and breast cancer. 17 It has been found that human lung adenocarcinoma cells (A549) in early tumour could excrete MMP-2 into the local extracellular matrix. 18 Chlorotoxin (CTX), as Cl-substituted toxin of a small peptide (containing 36 amino acids and 4 disulphide bonds)
from the venom of the scorpion Leiurus quinquestriatus, 19, 20 was specifically bound to MMP-2, forming the complex of CTX-MMP-2, which could block the chloride ion channels of tumour cells to limit the tumour activity, 21, 22 due to the Cl ion channel affinity of this Clsubstituted toxin. 23 However, there was only lower MMP-2 expression from normal cells, so the Cl ion channel affinity of CTX hardly affected the activity of normal cells.
As one component from spice turmeric, curcumin (Cur) is natural polyphenolic compound with low toxicity and could produce the green fluorescence under the excitation light of 425 nm of wavelength. 24 Cur was used as the anti-inflammatory, antioxidant or anti-cancer drug, because it could induce cells to produce reactive oxygen species (ROS) in their mitochondria, 25 leading to the apoptosis of tumour cells. 26 However, the clinical application of Cur was still limited due to the low aqueous solubility (<1 μg mL −1 ), rapid metabolism/removal of Cur. [24] [25] [26] [27] [28] [29] [30] If CTX can be combined with Cur, under the help of special targeting effect of CTX to the early lung tumour, Cur will enhance the level of ROS in the mitochondria of the cancer cells, which limits cell activity. So it is necessary to improve the Cur bio-availability to achieve its potential application in the early tumour treatment.
In this work, the novel PEG-linked NCs were prepared by a coprecipitation and PEGylation methods, and then conjugated with 
| MATERIAL S AND ME THODS

| Materials
| Preparation of magnetic NCs
Nanochains were prepared via the co-precipitation, according to the previous report. 9 Three grams of dextran, 0.25 g of FeCl 2 ·4H 2 O and 0.63 g of FeCl 3 ·6H 2 O were totally dissolved in 10 mL of de-ionized water; subsequently, the ammonia of 1 mL (~26%) was slowly added into the above solution, then the mixed solution was cured at 75°C for 1 hour in N 2 . The obtained suspension was centrifuged at 7000 g and rinsed 3 times with de-ionized water to remove fine MNPs.
Finally, the obtained NCs were re-dispersed in de-ionized water and ultracentrifugated 3 times with 100 kDa of molecular weight filtering column (Amicon, Millipore Corporation Darmstadt, Germany) to remove the unbound dextran.
| Conjugation of CTX and Cur
Nanochains were aminated with epichlorohydrin (ECH) and ammonia water (~26%), respectively, as described in previous report. 31 Briefly, 3 mL of NCs suspension (~40 w/v %), 5 mL of NaOH solution (5 mol L −1 ) and ECH were mixed completely under vigorous agitation for 8 hours; then, 20 mL ammonia water was slowly added into the above suspension and reacted for 16 hours at room temperature.
Finally, the suspension was centrifuged at 3000 g for 30 minutes, and rinsed 3 times with de-ionized water to obtain the aminated NCs (NH 2 -NCs), and these NCs were re-dispersed in de-ionized water of 15 mL.
In order to link CTX, 2 mg of SMCC was first dissolved in 1 mL of PBS buffer with 5 mmol l −1 of ethylene diamine tetra-acetic acid, and then 200 μL of NH 2 -NCs suspension (~40 w/v %) was added into above SMCC solution under magnetic agitation and cured at 4°C for 2 hours. Subsequently, the suspension was ultra- to obtain Cur-NCs (or CTX-NCs-Cur).
| Characterization of NCs
The The conjugations of CTX and Cur with NCs were analysed with a fluorescence spectrophotometer (F-7000, Hitachi Tokyo, Japan). All experiments were performed in triplicate. 
| Cytotoxicity assays
| In vitro and in vivo MR imaging
| Bio-distribution of NCs
Bio-distribution test of the NC samples was performed with 20 male nude mice of 4-week-old, and these mice were randomly 
| Cellular target in A549 cells
| ROS assay
The The results of MR imaging in Figure 1G ,H show that with the increase of Fe ion concentration, the T 2 signal was gradually increased, and the transverse relaxivity value (r 2 ) of NCs was 231 Fe mM s −1
( Figure 1H ). Fluorescence curves in Figure S2 demonstrate the successful conjugation of CTX and Cur with NCs.
| Cytotoxicityon A549 and HUVEC cells
The cytotoxicity of Cur-NCs, CTX-NCs, CTX-NCs-Cur was analysed with through MTT and cell fluorescence, according to the previous method. 33, 34 MMP-2 proteins were high expressed at the early stage of A549 cells, 34, 35 so the targeting ability of as-prepared NCs could be assessed with these cells test. As shown in Figure S3 , the morphology of some A549 cells were changed when cells were cultured with pure NCs; moreover, the images in Figures S3 and S4 indicate that some cells became loose and smaller (marked by white arrows in Figure S3 ) when treated by Cur-NCs, CTX-NCs and CTX-NCs-Cur for 12 hours, and many cells changed round (marked by white arrows in Figure S4 ) at 36 hours of treatments, which might partly result from the stiffness effect of the prepared NCs. 36 The results of MTT in Figure S7E -H indicate that there was no obvious cytotoxicity of In Figure S8A , the activity of A549 cell co-cultured with the different NCs after 36 hours was significantly decreased with the increase of NCs concentration, especially CTX-NCs-Cur could obviously limit the proliferation of A549 cells at NCs concentration of ≥50 μg mL -1 (P < .01, Figure S8A ). The cell activity of A549 and
HUVECs cultured with CTX-NCs after 36 hours indicates that the CTX-NCs could significantly limit the proliferation of A549 cells with dose dependence from iron concentration of ≥50 μg mL -1 (P < .01, Figure S8B ); however, there was no obvious change for HUVECs under different concentration of CTX-NCs-Cur ( Figure S8B ).
However, there was no obvious effect of different concentration of CTX-NCs-Cur on HUVECs ( Figure S8C ). 
| ROS production from various NCs
| Cell and in vivo fluorescence imaging
Targeting effect of the as-prepared NCs on cells was analysed with Prussian blue and 4′,6-diamidino-2-phenylindole staining. In Figure 4A , 
| Therapeutic effect
Therapeutic effect of various NCs was analysed by the in vivo injection experiment, in which nude mice with subcutaneous A549 tumour of 0.5 cm size were used as the animal model to measure the volume change of tumour. 5 Images in Figure 5A show that, com- 
| Bio-distribution of various NCs
Fe ion accumulations in tumour and normal organs were quantitatively analysed and shown in Figure 5C . It is found that many 
| D ISCUSS I ON
Based on the above results, the anti-cancer mechanism of CTX-NCs-Cur is proposed, and the schematic is shown in to the fact that CTX-NCs-Cur-MMP-2 composite could limit the active of A549 cells, as shown in Figure 6C . Meanwhile, a part of CTX-NCs-Cur could enter into A549 cells by the endocytosis of lipid rafts, because the special shape of nanostructure favoured drug-load carrier to enter into lung cancer cells, 44 and the ROS of the mitochondria induced from the cellular Cur molecules could be obviously enhanced, leading to the damage of mitochondrial membrane and the cell apoptosis. 30 So the synergistic effect from blocking ion channels of CTX-NCs-Cur-MMP-2 composite and ROS increase in Curtreated mitochondria could finally limit the proliferation of tumour cells and inhibit the growth of tumour body.
| CON CLUS IONS
The novel dual-functional NCs linked with CTX and Cur were fab- 
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